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Scope of the present mRICH parameterization for YR

To a first order estimation of the external requirement (i.e.
tracking ) for achieving the mRICH performance, our
discussion will be mainly focused on a special case which
will allow us to calculate the mRICH properties
analytically.

This special case is that the particle is incident normal to ~ -10cm
the front of mRICH at the center. The mRICH performance

with varying momentum direction and magnitude are part

of the ongoing work which includes GEANT4 simulation

and prototyping studies.
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MmRICH
Internal Characteristics

Design tooling: analytlcal calculatlon GEANT4 simulation and
prototyping IO S I I ONIIE IO e

See Murad Sarsour’s presentation on fast parameterization
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EIC mRICH — Working Principle =
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2nd mRICH Prototype (readout electronics not included) @

foam holder of aerogel

3.3cm thick aerogel

6” focal lenc
Fresnel lens

FLAT PANEL TYPE MULTIANODE PM;ASSEMBLY
0)0 c

I n

URES

1. Longer focal length (Fresnel lens) gtiohcolecton ey son .

anode (pixel)

2. Smaller pixel size sensors e

pixel size: 3 mm x 3 mm / anode
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MRICH Key Components - Optical (per module)

Components Functions Specs/Requirements Mitigation

SerEes] Supporting frame Dimension: 11cm X.11cr?1 X
Mechanica structure and light 20cm. Need mounting fixture

shoe box : designed for installing an
( ) blocking. array of mRICH modules.

None Light and steady

Good optical

Imaging focusing, UV Focal length ~6” (acrylic for None characterization

Fresnel lens

= DT Er) scheme will be needed.
Reduce Cherenkov Rough dimension: Trapezoid Good optical
Mi photon loss when shape: 15cm (height) x None charactperization
Irrors particle is incident at a 11.5cm (width1) x 10cm :
: scheme will be needed.
larger angle. (width2)
K/pi separation Limited number of Extensive knowledge in
. between 3 to 10 GeV/c, 10 cm x 10 cm x 3cm, producers (one in  the INFN group (led by
Aerogel radiator e/pi separation ~2 n=1.03 Japan and one in  Marco Contalbrigo) at
GeV/c Russian) CLAS12.
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mRICH Key Components - Sensors & Readout (per module) *

: Specs/

Photosensor
(MCP-PMT)

Photosensor
(SiPM - matrix)

Readout
electronics

5/1/2020

Single photon detection
and good spatial
resolution; good timing
resolution about 50 -
100 ps; low dark count
rate

Magnetic field tolerant
and radiation hardness
(the same as for
dRICH). 3mm x 3mm
(or less) pixel size

Magnetic field tolerant
Single photon detection and radiation hardness
and good spatial (the same as for
resolution (~ns) dRICH). 3mm x 3mm
(or less) pixel size

Low noise, time resolution
is ~0.5 ns; high density
connectors; modular.

Amplify and shape single
photon analog signal.

Cost, R&D timeline, a

R&D test needs to be
performed in close

single manufacturer for collaboration Jungi Xie

high quality volume
production

Radiation damage
(mainly from neutrons)

Chip development

EIC PID mRICH Yellow Report

at Argonne, Mickey
Chiu and Alexander
Kiselev at BNL

Proper cooling (tested
in the 2nd mRICH beam
test in 2018); further
R&D is needed.

Closely working with JLab,
INFN and Hawaii groups for
readout development.



5/1/2020

mRICH

Sweet momentum coverage for K/pi separation from
3 GeV to close to 10 GeV. It also provides the
capability of e/pi separation around 2 GeV.

Modular design for array installation. Each module is
independent with other modules and can be
calibrated separately. Projective capability.

Performed two beam tests. The working principles
have been validated in the first beam test in 2016
and the results have been published in NIM A.
Further beam tests with tracking capabilities are
expected and under planning.

Full GEANT4 simulation has been developed and
verified using the beam test data.

An array of mRICH modules have been implemented
in the sPHENIX for EIC simulations.

Photon sensors and readout electronics see
direct hits of particles. Radiation hardness
concerns.

Acquire aerogel tiles and maintain their
long-term stability (optical)

Need high density photon sensors working in
magnetic field.

Could create extra dead areas between
modules. [Could be minimized by projective
and creative integration schemes]
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From a single module to large arrays

B Magnet and flux return y [m] 1 Central tracking
Bl Hadron calorimeter 3 B GEM ThRGICp:-?posed
B Electromagnetic calorimeter BN RICH m coverage

(1.0<y<2.0)inthe
forward region of
sPHENIX.

4

2

0
Conceptual design of thie sPHENIX

284 modules
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Analytical Calculation (A special case) ==

When particle is incident perpendicular at the center of mRICH, one can obtain the ring radius and the
number of Cherenkov photons analytically. The details can be found in the appendix of the published mRICH
NIM paper.
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Examples from Analytical Calculations (perfect tracking!) @
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MRICH PID Parameterization

« We have implemented the pid performance (for particles entering mRICH perpendicularly as a
parameterization following Tom Hemmic’s virtual PID base class: <mRICH.h>. This will be rejis

more accurate results from GEANT4 simulations.

#ifndef _MRICH_H__
#define __MRICH_H__

// History
// Created on 3/15/2020 by Xiaochun He at Georgia State University
// for the EIC Yellow Report

// Wrapper class for mRICH (fast PID for the EIC mRICH)
//

#include "PID.h"
#include "mRICHPidFast.cxx"

class mRICH: public PID

{

public:
mRICH(double trackResolution=0.5, double timePrecision=1.0, double pLow=3.0, doub,
virtual ~mRICHQ) {}

bool  wvalid (TVector3 p) {return (p.Mag() > pLow & p.Mag() <
double numSigma(TVector3 p, PID::type PID);

double maxP (double numSigma, PID::type PID);

double minP (double numSigma, PID::type PID) { rn }
string name QO {return myName;|
void description Q;

protected:
std: :string myName;
mRICHPidFast pid;
mRICHPidInfo info;

double fTrackResolution; /. solution of the traker [mrad]
double fTimePrecision; // time precision of the MCP-PMT [ns]
double pLow;

double pHigh;

double fSensorQMefficiency; // photon sensor quantum efficiency
int mRICH_ID; //

5/1/2020
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0.0);

MRICH Performance

T wehenum (e
* Projected e/pi separation of mRICH
2"d prototype detector (blue solid
line)
« 2" prototype detector can achieve 3-
sigma e/pi separation up to 2 GeV/c

Z
ter)
with
e @ T4 simulation
§_ " = Omm x Omm Pixel size
40§_ = 2mm x 2mm Pixel size
= =  3mm x 3mm Pixel sizel
BE =  Bmm x 6mm Pixel size
0E & :
25 ;—
15 ;— - -
102— = : ) .
5 -
= - w = -
o fesdarageaslesion oo il
momemtum (GeV)
* Projected K/pi separation of mRICH 2"
prototype detector (Green dots)
« 2" prototype detector can achieve 3-
sigma K/pi separation up to 8 GeV/c
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Backup slides
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From p = ymv one gets, m = p/(cfy)and | — | =

P 2

dm dp

m P

In most cases, since y is large, the mass resolution is determined mainly by the
accuracy of the velocity measurement. The velocity measurement is given by

With the average angular resolution for the angle photon oy, the total resolution becomes

2

GQC —

( )
)

i

A/ Npe
vV

2

p)
O
i G100

The term .., combines all contributions that are independent of the single photon measurement.

5/1/2020
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Single photon angular resolution of mRICH &%

_ /2 2 2
%6, = \/"EP t OChro T ODet

In the lens based mRICH design, o5p is minimized at the lens focal
plane, ¢, can be controlled with the lens focal length, and ¢, is
reduced by selecting the lens transmittance in the near-UV region. As a
consequence, the lens insertion improves the RICH performance at high
momenta even in a compact dev1ce Preliminary studies show tata

aero glf ‘ra’v* d 03 acal h of 6’ ‘/

plxl f2 ‘m "
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At any |p|, there exists a “1-sigma” resolution in §8, which we’ll call 66,

Physics will demand that our full uncertainty follows: &V“

If we take the detector performance with a perfect tracker to be 66,,.

Then our external requirement on the tracker system is: |

561\
() < (80c0)? + (66,7
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120 GeV/c
proton

5/1/2020
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h2
Entries 1101820 fy

Mean x 15.6
Meany  15.46 |
RMS x 8.975
RMS y 8.916

120 GeV/c
proton

Beam spot

5/1/2020 EIC PID mRICH Yellow Report

17



We already have some knowledge of poor tracking effects in the 2nd mRICH test

No precision
tracking was
available. Beam
size is ~6mm in
radius.
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We already have some knowledge of poor tracking effects in the 2nd mRICH test
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We already have some knowledge of poor tracking effects in the 2nd mRICH test .
Num. Of Photons On Ring N Z
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We already have some knowledge of poor tracking effects in the 2nd mRICH test .

Num. Of Photons On Ring N 7
f T T ‘ T ‘ T ‘ T ‘ T ‘ T T ‘ T T 1T ‘ " " — 7000 l L ‘ TTTT ‘ T TT ‘ TTTT ‘ TTTT ‘ TTTT ‘ L ‘ T h:::;’;zuvphn::éséx
r R:40.82 + 1.08 (mm) Entries 42286 - 0.2
300076 953 88 + 6.38 Rad Mean 40.9 Mean 8.659 L |
- e . +=0. (mRad) StdDev 1.587| 6000~ Std Dev  2.454 F 06 ] - 13-4 mRad
- 0, =6.38 (mRad) i - 1p€
2500~ B - = _
Data - 50001 0.015- Ogp = 4-4 mRad
2000}~ 4000;
L L g N N4 |
No precisic ]
. ... __9_.- . ]
tracking wi : @QM% ]
available. | ) ]
SIZG ]S “’6m 2 ‘ y R = Entries 1101820 [ |
. ‘ N ¢ i\ (7 2 — Mean x 15.6 A I NS I S BRI
radIUS. L “,‘ [\ A y( J 1 e Meany 1546 | 10 15 20
1 i = S S f > 7SI = RMSx 8975 N
z RMSy 8916 pe
) '1 ‘ql " ?’j'_j‘ : N i 1 I." | o T T { T T T { T T T {
Iy | 'y —r pe=84mRad |
REE g N i i |
s - o .op = 0.0 mRad -

\10\ L L \15\ L L \20
R (mm) N

5/1/2020 EIC PID mRICH Yellow Report 18



We already have some knowledge of poor tracking effects in the 2nd mRICH test .
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pixel ID

2

15
pixel ID

High counts regions
are the beam spots.
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Demonstrated
the lens effect!
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Ring image from proton
beam at an angle (119)

11 degree tilt
downward

120 GeV/c proton beanr
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Ring Radius and Number of Cherenkov Photons |
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Ring Radius and Number of Cherenkov Photons |
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Ring Radius and Number of Cherenkov Photons

Num. Of Photons On Ring

h_mCherenkovPhotons_MF_z

I~ R 40 82 + 1 08 (mm) '\Ellmries 4242082 7000l L L L L L BB LN B N,Em:tf:;:ov?m::;g; 0-02 L L L L L B T

3000} ean : - i 1

- 0:253.88 = 6.38 (mRad) StdDev  1.587 C Mean — 8.659 i Of 1pe = 13.4 mRad ]

- 0, =6.38 (mRad) 6000 Std Dev 2454 i . 1pe 1

2500~ ] - - 0.015}- Ogop = 4-4 MRad -

Data : : E * A
2000}~ - - ] : ]

n ] 4000~ - <o f 1

B ] C 1 5 0.01— —

. . 1500~ — N 1 L |

No precision - ] 8000 E e ]
tracking was 1000 . 5 : R ]
S - : 2000/ - 0.005/- o —
available. Beam - ] i (b) - I () ]
AR ) 5001 (a) = 10001 - i 1
size is ~6mm in - : i ] I ]

" : : r * O L | I | I I | I I |
Lol i1 ol b b a7 Lol by [ N N R 5 10 15 20

radius. 0 32 34 36 38 40 42 44 46 48 005 10 15 20 25 30 35 40 N
R (mm) e e

F \F\{\ :‘3\9\1\0‘ \1-\ 65\2\ \(m\rﬁ)\ [T TTT T '[\E/Intries 23392?? Num Of PhOtonS On Rlng 002 . T . . . . { . . . . { . . . I
4 — ean : TT T T T T T T [T T T T T T T T[T T T T [ T TTT [T TTT xhimcme"kwpm‘omMFix [ 1
000[-g: 243.70 + 3.07 (mRad) Std Dev 0.6405 (ARARE AR RARRY ARREN AAARE RAAN RAARA R Fewampwrrn | o — 8.4 mRad i
- 0, = = 3.07 (mRad) ] 4000~ Mean  8.035 - 0, 1pe R
3500 . r StdDev 2.465 - b
- ] 3500 = 0.015 Ogp = 0.0 mRad .
3000~ — . ] r b
: z 3000} E : |
GEANTA4 = E 2500; * & 0ot .
. . 2000 - F ] | i
Simulation g E o00p ; i ]
C ] 1500~ - L |
1000 = 10001 E 0.0051 o ]
C ] r 3 L 7@ ©0rgrg g 3 i
500; { 500; é r OO Q..x. b
Lo I I o:mmumm TR 015‘ ‘1‘0‘ ‘1‘5‘ ‘21(;

%O 32 34 36 38 40 42 44 46 48 0 5 10 15 20 25 30 35 40
R (mm) Noo Npe

5/1/2020

EIC PID mRICH Yellow Report

21



Ring Radius and Number of Cherenkov Photons |

Num. Of Photons On Ring

h_mCherenkovPhotons_MF_z
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Aerogel + fresnel lens. NO tech risks!

3 -10 GeV/c k/pi, <2 GeV/c e/pi
YES

YES

YES, mainly to quantify the performance

Well advanced GEANT4 simulation for the standalone mRICH
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Following points will be addressed to the best of my knowledge

- Technology used: spell out clearly any risk associated, if any Aerogel + fresnel lens. NO tech risks!
- Momentum range covered: p versus theta and Nsigma vs. p 3 -10 GeV/c k/pi, <2 GeV/c e/pi

- Robustness of the design (e.g. sensitivity to magnetic field) and has a prototype been built? YES

- Are the electronics considerations clear (channel count, data size, rate, background) YES

- Time needed to complete the R&D and available workforce YES, mainly to quantify the performance

- Status of Simulation and Reconstruction Well advanced GEANT4 simulation for the standalone mRICH
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